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Abstract: This paper elaborates on the harmonious wireless network from the perspective of interference
management. The coexistence of useful signals and interfering signals is beneficial in throughput terms of the entire
wireless network. Useful signals and interfering signals are complementary and are in juxtaposition to each other in the
context of a single communication link, and are in symbiosis within the framework of the networks. The philosophy
behind this could be described by the Chinese traditional culture symbol of “yin” and “yang” . A wireless network
having optimal performance must be a harmonious network where the interfering and useful signals harmoniously
coexist in an optimal balance. Interference management plays a critical role in achieving this optimal balance, while
sophisticated interference management techniques should be designed to improve the system performance.
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1

Introduction

In 2G, 3G, and 4G systems, orthogonal multiple access
schemes have been used to avoid any multiple access
interference. However, non-orthogonal multiple access
(NOMA) has been advocated in 5G system because it
has a higher capacity than its orthogonal multiple
access (OMA) counterparts.
For 4G system, orthogonal frequency-division
multiple access (OFDMA) is used for downlink
transmission, and single-carrier frequency-division
multiple access (SC-FDMA) is used for uplink
transmission because a single-carrier system has a
lower peak to average power ratio (PAPR) than
multiple-carrier systems, hence imposing lower
amplifier linearity requirements and thereby facilitating
the employment of a more power-efficient
amplification. Both OFDMA and SC-FDMA can be
treated as OMA where each user is allocated
orthogonal sub-carriers, and no overlapping of the subcarriers is allowed, hence avoiding interference among
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users[1]. However, NOMA has been proposed to
improve the system’s throughput for 5G system[1]. To
further elaborate, each user is still allocated orthogonal
sub-carriers in the sparse code multiple access
(SCMA)[2], but the overlapping of sub-carriers is
allowed. In this case, even though interference is still
encountered among different users, SCMA has been
shown to improve the system performance[2].
Another example of improving the throughout in the
face of interference is constituted by heterogeneous
wireless networks[3]. By deploying tightly packed
femtocells and picocells within the coverage area of
traditional cellular network over-sailing macrocells, the
system’s throughput can be improved, despite the
cross-tier interference between the small cells and
over-sailing macrocells and the inter-cell interference
among small cells[3].
Furthermore, for 5G and beyond, the LTE-U Wi-Fi
heterogeneous wireless network is considered to
improve the spectrum utilization by allowing the
interference between LTE-U and Wi-Fi networks[4],
while for a 6G wireless network, the interference
management has been exploited to optimize the
network topology[5].
The key question arising is whether the interference
and the useful signal can or cannot be distinguished,
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and not so much on whether there exists interference or
not. If the interference can indeed be distinguished
from the useful signals, then it can be removed or
reduced using advanced interference management
techniques[6−11]. Hence it could be argued that the
desired signals and the interference coexist in
symbiosis, which we may also refer to as duality†.
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To elaborate a little further, the desired signal of a
specific user is typically an undesired interfering signal
for untended receivers. However, from the perspective
of an entire wireless network, the coexistence of useful
signals and interfering signals is unavoidable and is
often beneficial in throughput terms.
To expound further, wireless networks inevitably
encounter both useful signals and interfering signals,
which are complementary to each other when viewed
from a specific user’s perspective. More explicitly,
wireless networks cannot be simply viewed as relying
only on useful signals or only interfering signals. The
useful signals and interfering signals are
complementary. They are in juxtaposition to each other
in the context of a single communication link, while
they are in symbiosis within the framework of the
networks.
In traditional Chinese culture, the “yin” and “yang”
symbol represents the concept of complementarity[13].
This traditional Chinese symbol has been included in
the coat of arms by Bohr, the Nobel Prize winner in
physics, to represent his complementarity principle[14].
The philosophy of “yin” and “yang” can also represent
the complementarity principle of wireless networks as
shown in Fig. 1 , where “yang” (white) symbolizes the
useful signals, “yin” (black) corresponds to the
interfering signals, and the unified circle represents the
whole wireless network.
Based on the complementarity principle of wireless
networks, a wireless network having optimal
performance must be a harmonious network where the
interfering and useful signals harmoniously coexist in
† This may be deemed reminiscent of the wave vs. particle duality of
quantum mechanics[12].

Fig. 1 Complementarity principle of wireless networks
using “yin” and “yang”.

an optimal balance. This network can be viewed from a
pair of perspectives. On one hand, this system is
useless if there is only interference. On the other hand,
the system performance remains suboptimal if there are
only useful signals and hence can be improved by
tolerating the existence of interference. For example,
the system performance can be improved by the
evolution from OFDMA to NOMA.

3

Interference management techniques

Interference management plays a critical role in
achieving this optimal balance[6−11]. There exist various
interference management techniques, such as
interference
nulling,
interference
alignment,
interference neutralization, interference mitigation, and
interference
exploitation.
Viable
interference
management requires that there exists a difference
between the useful signals and interfering signals in
some domains. For example, the strength of the useful
signal and interference signal may be different in the
power domain[15], while wireless channels experienced
by useful signals and interference signals may be
different in the space domain[16].
3.1

Interference nulling

For interference nulling, the interference needs to be
projected into a null subspace of the useful signal and
is therefore completely removed.
For example, in Refs. [17, 18], for downlink
heterogeneous networks as shown in Fig. 2 , the zeroforcing precoder was designed to null out the inter-tier
interference from the macro base station to the
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Schematic of interference alignment.
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Downlink heterogeneous networks.

3.3
femtocell user for heterogeneous wireless networks.
3.2

Interference alignment

For interference alignment, the dimension of the
subspace of interference signals is compressed as small
as possible to maximize the dimension of the subspace
of useful signals[19]. Once interference alignment is
completed, an interference nulling scheme is invoked
to completely remove the interference. In Ref. [20], the
interference alignment scheme for the multiple-inputmultiple-output (MIMO) interfering broadcast channel
was proposed, while in Ref. [21], the feasibility of
interference alignment for MIMO interference channels
with common messages was investigated.
For example, there are three pairs of transmitter and
receiver, {Tx1, Rx1}, {Tx2, Rx2}, and {Tx3, Rx3}, as
shown in Fig. 3[19] . Txi transmits data symbol vector xi
to the intended Receiver. Each receiver receives
interference from the other two transmitters. Txi
carefully designs a beamforming matrix Wi so that the
subspaces occupied by the two interferences are
aligned, i.e.,[19]
span(H12W2 ) = span(H13W3 ),
span(H21W1 ) = span(H23W3 ),
span(H31W1 ) = span(H32W2 )

Interference neutralization

For interference neutralization, multiple independent
rotated copies of interference signals may be received
at one receiver. If the rotation is carefully designed,
these copies of interference signals can mutually
neutralize each other and the interference signals are
completely removed[22]. In Ref. [23], for both the
amplify-and-forward and decode-and-forward relaying
networks, the neutralization schemes were proposed to
remove the interference between relays and achieve the
optimal degrees of freedom.
Specifically, the source node S is assumed to send
data streams to the destination node D via two
successive relay nodes as shown in Fig. 4[23] . The
source node first sends the data symbol vector x1 to the
relay node R1 during the first time slot. Once the relay
node R1 decodes x1, it sends x1 to the destination node
in the second time slot. Meanwhile, the source node
wants to send the data symbol vector x2 to the relay
node R2 in the second time slot. However, the relay
W1x1
Ws(x2+x1)

where the matrix Hi j denotes the channel from Txj to
Rxi.
In this case, the dimension of the subspace of
interference is reduced, and the dimension of the

H2Wsx1
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S

(1)
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H2
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G1W1x1
D
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Fig. 4 Schematic illustration of interference neutralization
for successive relaying systems.
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node R2 also receives interference from the relay node
R1. To remove the interference, the source node sends
the combined data symbol vector x1 + x2 instead of x2.
By carefully designing the beamforming matrices W s at
the source node and W1 at the relay node R1, the relay
node R2 receives two copies of interference related to
x1, which come from two opposite directions and can
automatically neutralize each other, i.e.,[19]
H2W s + F 1W1 = 0

(2)

where the matrix H2 denotes the channel from the
source node S to the relay node R2, the matrix F 1
denotes the channel from the relay node R1 to the relay
node R2, and the matrix G 1 in Fig. 4 denotes the
channel from the relay node R1 to the destination node
D.
Hence the relay node R2 obtains the desired
interference-free data symbol vector x2 without
performing interference cancellation.
3.4

Interference mitigation

For interference mitigation, joint resource allocation
can be used to control the interference instead of
removing the interference completely. The resource
can be power allocation, subcarrier allocation,
beamforming vector design, base association, and so
on. For interference mitigation, the interference may
not be completely removed. In Ref. [24], various
interference mitigation techniques were discussed for
controlling the cross-link interference for 5G and
beyond dynamic time-division duplex (TDD)
networks. In Ref. [25], the max-min signal-tointerference-noise ratio of each user for single-inputmultiple-output (SIMO) uplink multicell networks, as
shown in Fig. 5 , was achieved by jointly designing
beamforming vectors, base association, and power
allocation, while in Ref. [26], the weighted-minimummean-square-error (WMMSE) algorithm was proposed
to improve the system capacity of MIMO downlink
multicell networks by carefully designing beamforming
matrices.
3.5

Interference exploitation

For interference exploitation, the interference is
carefully exploited to improve the system performance

Macro BS

Desired signal

Femto BS

Interference signal

User

Fig. 5

Uplink multicell networks.

without deteriorating or even enhancing the
performance of each useful signal. In Ref. [27],
symbol-level precoding techniques were discussed by
exploiting the interference to push the received signal
further away from the detection threshold of the
corresponding desired symbol to improve the
performance of the useful signal. In Ref. [11], the
physical-layer network coding for two-way relay
channels is also treated as one interference exploitation
scenario.
Symbol-level precoding observes the interference
existing in the multi-stream transmission from an
instantaneous, instead of a statistical point of view. For
a typical multi-user transmission, the existence of
interference is based on the observation that the
transmitted signals for different users are superimposed
in wireless communication channels. Traditional
interference management techniques usually view
interference as a performance-limiting factor in
wireless communication systems, because, in
traditional precoding schemes, the precoding matrix is
designed based only on the channel state information
(CSI) and therefore operates on a block level. This
means that the same precoding matrix is applied across
a block of symbols and only the power of the
interference can be controlled, which leads to the
statistical view that the effect of interference is similar
to noise. As opposed to this traditional view, recent
studies have shown that constructive interference (CI)
exploitation via symbol-level precoding is able to

202

Intelligent and Converged Networks, 2021, 2(3): 198−204

control both the power and direction of interfering
signals on the received complex plane on a symbol
level, such that the interference can act as an additional
source of the desired signal power and contribute to the
symbol detection, which therefore further improves the
system performance[27]. Given a specific modulation
constellation, interference exploitation is achieved by
controlling the interfering signals’ magnitude and
phase through symbol-level precoding, such that all of
the interfering signals can be made constructive to the
signal of interest, allowing the received signals to
locate inside the constructive area of the constellation
and move farther from the decision boundaries of the
constellation, leading to improved performance.
Consequently, the traditional mean-squared error
(MSE) metric, which aims to minimize the difference
between the received and transmitted symbol, becomes
suboptimal in the interference exploitation literature as
shown in Fig. 6[28] , where the first quadrant of a QPSK
constellation is given as a representative example.
In fact, as wireless networks can be highly complex,
different interference management techniques may
need to be jointly exploited to achieve the optimal
balance between useful signals and interference
signals, as shown in Fig. 7. For example, in Ref. [29],
interference alignment and interference neutralization
were coordinated to remove the interference, while in
Ref. [30], the interference alignment and interference
Imag

Constructive region
Original
data symbol
Estimated
data symbol
(CI)

MSE region

Estimated
data symbol (MSE)

Interference
nulling

Interference
alignment

Interference
mitigation

Interference
neutralization

Interference
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Fig. 7 Schematic diagram of the joint exploitation of
different interference management techniques.

mitigation were jointly used to enhance the system
performance.
Furthermore, for the 6G network, the interference
management has also attracted intensive interests,
such as 6G cell-free networks[31], 6G space and
terrestrial integrated networks[32], device-to-device
communications[33], and intelligent spectrum sharing[34].

4

Conclusion

In this treatise, the harmonious wireless network is
discussed from the perspective of interference
management. The useful signals and interfering signals
are complementary. They are in juxtaposition to each
other in the context of a single communication link and
are in symbiosis within the framework of the networks.
The philosophy behind this could be described by the
Chinese traditional culture symbol of “yin” and
“yang”. Furthermore, interference management plays a
critical role to achieve the optimal balance between the
useful signals and interference signals, while
sophisticated interference management techniques
should be designed to improve the system
performance.
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